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Description 

The  present  invention  refers  to  single-core  and 
multicore  electric  cables  of  the  type  in  which  the 
conductors  are  surrounded  by  a  layered  insulation 
impregnated  with  an  insulating  fluid. 

In  the  present  specification  the  term  insulating 
fluid  is  intended  to  mean  not  only  insulating  fluid 
oils,  but  also  high  viscosity  insulating  oils  and  com- 
pounds. 

Examples  of  cables  referred  to  in  the  present 
invention  are  the  oil-filled  cables,  the  so  called 
"pipe"  cables  and  the  cables  having  a  layered 
insulation  impregnated  with  insulating  compounds 
in  case  assisted  by  a  gas  under  pressure. 

More  particularly  the  present  invention  refers  to 
cables  of  the  type  summarily  indicated  herein- 
before  in  which  the  layered  insulation  is  formed  at 
least  partially  by  turns  of  at  least  a  laminate  tape, 
the  term  "laminate  tape"  meaning  a  tape  formed 
by  at  least  a  thin  layer  of  paper,  at  least  partially 
formed  by  a  cellulose  material,  doubled  and  bon- 
ded  to  a  polymeric  material  film. 

In  general  it  is  known  that  the  cables  provided 
with  a  layered  insulation  realized  with  laminate 
tapes  have  a  better  electric  performance  in  terms 
of  reduced  dielectric  losses  and  a  greater  dielectric 
strength  than  those  of  the  cables  having  a  layered 
insulation  formed  only  by  paper  tapes. 

But  it  is  also  known  that  the  cables  provided 
with  a  layered  insulation  formed  by  laminate  tapes 
have  bigger  risks  of  unserviceability  than  the  ca- 
bles  whose  layered  insulation  is  formed  only  by 
paper  tapes. 

The  bigger  risks  referred  to  above  are  those 
due  to  the  danger  of  running  into  an  alteration  of 
the  correct  structure  of  the  layered  insulation  dur- 
ing  the  manufacturing  and  laying  of  the  cable  in 
case  detachments  should  occur  between  the  com- 
ponents  of  the  laminate  tape,  i.e.  also  in  case  of 
partial  separations  between  the  paper  thin  layer 
and  the  polymeric  material  film. 

This  because  either  the  paper  thin  layer  or  the 
polymeric  material  film  taken  individually  have  a 
mechanical  resistance,  in  particular  a  modulus  of 
elasticity,  lower  than  that  of  a  laminate  tape  formed 
with  them. 

During  the  bendings  to  which  a  cable  is  un- 
avoidably  subject  during  the  manufacturing  and 
laying,  bending  stresses  arise  in  the  layered  insula- 
tion  of  the  cable. 

Said  bending  stresses,  that  originate  relative 
sliding  movements  between  the  various  layers  for- 
ming  the  layered  insulation  of  the  cable  and  that 
generally  are  not  dangerous  for  the  whole  laminate 
tapes,  can  instead  produce  curlings,  foldings,  dis- 
locations  and  breakings  in  the  elements  forming 
the  laminate  tape  when  said  components  are  not 

bonded  together  owing  to  their  lower  mechanical 
resistance. 

One  of  the  causes  that  in  a  laminate  acts  so  as 
to  weaken  the  bond  between  the  paper  thin  layer 

5  and  the  polymeric  material  film  and  consequently 
acts  so  as  to  facilitate  the  separation  between  said 
components,  is  the  following  one. 

In  practice,  all  the  polymeric  materials  swell 
when  put  into  contact  with  the  known  insulating 

io  fluids  for  cables. 
Consequently,  a  polymeric  material  film  im- 

mersed  in  an  insulating  fluid  for  cables,  in  con- 
sequence  of  the  swelling,  suffers  an  increasing  of 
its  geometric  dimensions. 

75  Instead,  the  cellulose  paper  does  not  suffer  any 
swelling  in  contact  with  the  known  insulating  fluids 
for  cables. 

Therefore,  a  tape  or  a  paper  thin  layer  does  not 
modify  its  geometric  dimensions  when  immersed  in 

20  a  known  insulating  fluid  for  cables. 
It  follows  that  a  laminate  (formed  by  at  least  a 

cellulose  paper  thin  layer  and  a  plastic  material 
film)  immersed  in  a  known  insulating  fluid  for  ca- 
bles  suffers  a  relative  variation  of  dimensions  be- 

25  tween  its  components  whose  effect  is  that  of  weak- 
ening  the  existing  mutual  bond  because  said  rela- 
tive  variation  of  dimensions  originates  forces  in  the 
bonding  zone  acting  in  such  a  way  as  to  produce  a 
relative  sliding  movement  between  the  components 

30  forming  the  laminate. 
A  known  solution  intended  not  only  to  avoid  the 

weakening  of  the  bond  between  the  paper  thin 
layer  and  the  polymeric  material  film  in  a  laminate, 
but  also  to  improve  the  bonding  between  said 

35  components  is  described  in  the  U.S.  patent  No.  3 
749  812. 

Said  solution  consists  of  a  laminate  in  which 
the  bonding  between  the  paper  thin  layer  and  the 
polymeric  material  film  is  obtained  by  doubling, 

40  during  the  laminate  manufacturing,  the  paper  thin 
layer  at  room  temperature  with  the  polymeric  ma- 
terial  film  in  the  melted  state  and  at  a  temperature 
of  about  300  °  C,  namely  at  a  temperature  which  is 
nearly  twice  the  melting  temperature  of  the  poly- 

45  meric  material. 
By  means  of  the  laminate  according  to  the 

above  cited  U.S.  patent,  known  to  the  technicians 
of  the  field  with  the  names  "pre-stressed"  laminate 
or  "extrusion  bonded"  laminate  it  is  possible  to 

50  oppose  the  swelling  effects  of  the  polymeric  ma- 
terial  film  which  are  negative  towards  the  bonding 
existing  between  the  laminate  components.  In  fact, 
in  the  so-called  "pre-stressed"  or  "extrusion  bon- 
ded"  laminates,  before  placing  them  in  contact  with 

55  the  cable  insulating  fluid,  the  polymeric  material 
film  is  in  a  state  of  tensile  stresses  owing  to  the 
particular  manner  by  which  the  laminate  has  been 
manufactured. 

2 



3 EP  0  365  873  B1 4 

In  fact,  the  doubling  and  bonding  between  the 
paper  thin  layer  and  the  polymeric  material  film  has 
been  made  with  the  paper  thin  layer  at  a  room 
temperature  (therefore  not  subjected  to  any  thermal 
expansion)  and  with  the  polymeric  material  film  in 
the  melted  state  and  at  a  temperature  which  is 
about  twice  the  melting  temperature  of  the  poly- 
meric  material  of  the  film  and  therefore  with  a  film 
in  conditions  of  considerable  thermal  expansion. 

During  the  cooling  that  follows  the  doubling 
and  bonding  operation  of  the  paper  thin  layer  to  the 
polymeric  material  film,  the  thermal  contraction  of 
this  latter  is  prevented  by  the  bonding  that  the 
same  has  with  the  paper  thin  layer. 

It  follows  that,  after  the  cooling,  the  film  is 
placed  and  maintained  in  an  elastic  elongation 
state  by  the  paper  thin  layer. 

The  swelling  of  the  polymeric  material  film,  that 
takes  place  by  placing  the  laminate  in  contact  with 
an  insulating  fluid  for  cables  and  that  produces 
therein  the  arising  of  an  expansion  condition  of 
dimensions,  acts  in  practice  in  such  a  way  as  to 
put  the  laminate  under  the  condition  of  no  stresses. 

A  laminate  of  "pre-stressed"  type  permits  to 
reduce  in  a  certain  measure  the  risks  of  detach- 
ments  between  the  components  of  a  laminate  and 
therefore  the  risks  of  separation  of  the  cable  lay- 
ered  insulations  for  the  above  said  reasons  and  for 
the  fact  that  the  bonding  between  the  paper  thin 
layer  and  the  polymeric  material  film,  being  carried 
out  while  this  latter  is  in  the  melted  state  and  at 
high  temperature,  permits  a  good  mechanical  con- 
nection  between  said  components. 

Another  known  solution,  described  in  the 
French  Patent  1.590.946,  avoids  the  use  of  cel- 
lulose  material  and  provides  a  layered  insulation  of 
a  cable  formed  by  turns  of  a  tape  constituted  by  a 
mat  of  polyolefine  fibers  in  which  parts  of  the  fibers 
of  the  mat  existing  at  one  ot  its  surface  are  partially 
fused  together  so  to  form  a  porous  plastic  film  of 
the  same  material  of  the  mat  bonded  to  this  latter. 

The  aim  of  the  present  invention  is  that  of 
providing  cables  having  a  layered  insulation, 
formed  also  only  in  part  by  turns  of  laminate  tapes 
comprising  at  least  one  layer  wholly  made  or  at 
least  comprising  cellulose  fibers,  and  in  particular  a 
laminate  of  the  "pre-stressed"  or  "extrusion  bon- 
ded"  type,  in  which  the  risk  of  separation  of  said 
layered  insulation  in  consequence  of  detachment 
between  the  components  of  the  laminate  i.e.  be- 
tween  the  plastic  film  and  the  paper  tape  wholly 
made  or  at  least  containing  cellulose  fibers,  is  less 
than  that  existing  in  the  known  cables  making  use 
of  cellulose  material  without  this  originating  any 
alteration  of  the  dielectric  characteristics  of  the 
laminate  components  and  consequently  without  al- 
tering  negatively  any  characteristic  of  the  cable. 

The  object  of  the  present  invention  is  an  elec- 
tric  cable  comprising  inside  a  sheath  (8)  at  least  a 
conductor  (1)  surrounded  by  a  layered  insulation 
(5)  impregnated  with  an  insulating  fluid,  at  least  a 

5  layer  (6)  of  said  layered  insulation  (5)  being  formed 
by  a  turn  of  a  tape  of  a  laminate  comprising  at 
least  a  paper  thin  layer  (11)  containing  cellulose 
fibers  or  wholly  made  by  cellulose  fibers,  doubled 
and  bonded  to  a  film  (9)  of  polymeric  material,  said 

io  laminate  being  of  the  type  in  which  the  bond  be- 
tween  the  paper  thin  layer  (11)  and  the  film  (9)  of 
polymeric  material  is  obtainable  by  doubling  the 
paper  thin  layer  (11)  at  a  room  temperature  with 
the  film  (9)  of  polymeric  material  while  this  latter  is 

is  in  the  melted  state  and  at  a  temperature  comprised 
between  200  °C  and  320  °C,  said  cable  being 
characterized  by  the  fact  that  in  the  laminate,  fibrils 
(12)  of  the  cellulose  fibers  (13)  project  from  the 
surface  (10)  of  the  paper  thin  layer  (11)  in  contact 

20  with  the  film  (9)  of  polymeric  material  and  are 
embedded  in  the  polymeric  material  of  this  latter, 
said  fibrils  (12),  embedded  in  the  film  (9)  of  poly- 
meric  material,  being  in  a  number  not  lower  than 
100  per  millimeter  of  length  of  any  section  of  the 

25  laminate  perpendicular  to  its  faces. 
The  present  invention  will  be  better  understood 

by  the  following  detailed  description  made  by  way 
of  non-limiting  example  with  reference  to  the  fig- 
ures  of  the  attached  sheet  of  drawing  in  which: 

30  Figure  1  -  is  a  perspective  view  of  a  cable 
length  according  to  the  invention  with  parts  step- 
wise  removed  for  showing  its  structure; 
Figure  2  -  shows  in  section  a  laminate  tape 
forming  the  layered  insulation  of  the  cable  of 

35  figure  1  ; 
Figure  3  -  shows  in  enlarged  scale  a  particular 
of  the  laminate  of  figure  2. 
The  cable  shown  in  figure  1  is  a  single-core  oil- 

filled  cable  according  to  the  invention  whose  struc- 
40  ture  is  now  described. 

The  cable  comprises  an  electrical  conductor  1 
formed  by  a  plurality  of  keystone-shaped  conduc- 
tors  2,  for  instance  of  copper,  having  a  duct  3  for 
the  longitudinal  movement  of  the  cable  insulating 

45  fluid  oil,  for  instance  decylbenzene. 
The  electrical  conductor  1  is  encircled  by  a 

semiconductive  layer  4  formed  for  instance  by 
turns  of  semiconductive  tapes,  for  instance  cel- 
lulose  paper  loaded  with  semiconductive  carbon 

50  black. 
Around  the  semiconductive  layer  4  there  is  a 

layered  insulation  5  formed  by  turns  of  tapes  6  of  a 
laminate  described  hereinafter. 

The  layered  insulation  5  is  provided  thereon 
55  with  a  semiconductive  layer  7  whose  structure  is 

the  same  as  that  oF  the  semiconductive  layer  4 
previously  disclosed. 

3 
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A  metal  sheath  8,  for  instance  of  lead,  contains 
all  the  previously  indicated  elements  of  the  cable 
and  any  space  inside  said  sheath  is  filled  with  the 
insulating  fluid  oil  of  the  cable  that  in  particular 
impregnates  the  layered  insulation  5. 

As  previously  said,  the  layered  insulation  5  is 
formed  by  turns  of  tapes  6  of  a  laminate  whose 
characteristics  are  now  disclosed  and  whose  sec- 
tion  is  shown  in  figure  2. 

As  shown  in  said  figure  2  the  laminate  com- 
prises  a  film  9  of  a  polymeric  material,  in  particular 
a  polyolefine,  for  instance  polypropylene,  at  the 
faces  10  of  which  a  plurality  of  thin  layers  11  of 
paper,  in  particular  cellulose  paper,  are  doubled 
and  bonded. 

The  laminate  6  is  of  the  type  known  as  "pre- 
stressed"  or  "extrusion  bonded"  laminate  since 
during  the  manufacturing  of  the  laminate  the  two 
paper  thin  layers  11,  both  at  room  temperature, 
have  been  doubled  with  the  film  9  of  polymeric 
material  while  this  latter  is  in  the  melted  state  and 
at  a  temperature  comprised  between  200  and 
320  °C,  i.e.  at  a  temperature  much  more  higher 
than  the  melting  temperature  of  the  polymeric  film. 

For  the  purposes  of  a  cable  according  to  the 
invention  an  essential  characteristic  that  a  laminate 
tape  forming  the  layered  insulation  of  the  conductor 
must  possess,  is  the  one  which  is  now  described 
and  schematically  shown  in  figure  3. 

At  the  contact  surfaces  10  between  the  paper 
thin  layers  11  and  the  film  9  of  polymeric  material, 
a  plurality  of  fibrils  12  of  the  cellulose  fibers  13, 
and  more  precisely  fibrils  12  belonging  to  the  cel- 
lulose  fibers  13  present  on  the  surface  10  of  the 
thin  layer  1  1  turned  toward  the  film  9,  project  from 
said  surface  10  and  are  embedded  in  the  poly- 
meric  material  of  said  film  9. 

The  above  in  any  section  of  the  laminate  per- 
pendicular  to  its  faces. 

In  particular  in  any  section  of  the  laminate 
perpendicular  to  its  faces  the  number  of  fibrils  per 
millimeter  of  length  of  the  section  is  not  lower  than 
100. 

A  laminate  having  the  just  explained  essential 
characteristic  for  the  purposes  of  the  present  inven- 
tion,  can  be  obtained  by  using  the  method  and 
apparatuses  by  which  the  so-called  "pre-stressed" 
or  "extrusion  bonded"  laminates  are  at  present 
manufactured,  which  consequently  are  not  de- 
scribed  since  known  per  se  and  not  falling  within 
the  field  of  the  present  invention. 

The  only  difference  is  that  the  paper  thin  layers 
1  1  before  being  placed  in  contact  with  the  film  9  of 
polymeric  material  melted  at  the  previously  in- 
dicated  high  temperatures  are  passed  in  an  elec- 
trostatic  field  at  high  voltage,  for  instance  at  18  KV 
with  a  frequency  of  10KHz,  able  to  cause  the 
orientation  of  the  cellulose  fibrils  existing  on  the 

surface  of  the  paper  thin  layer  so  that  said  fibrils 
are  substantially  perpendicular  to  the  said  surface 
of  the  paper  thin  layer. 

In  fact,  the  so  oriented  fibrils  can  easily  pene- 
5  trate  into  the  polymeric  material  of  the  film  during 

its  doubling  with  the  paper  thin  layers  thanks  to  the 
flowability  of  the  polymeric  material  in  conse- 
quence  of  the  high  temperature  to  which  it  is 
during  the  doubling  operation. 

io  A  cable  provided  with  a  conductor  layered  in- 
sulation  having  the  above  disclosed  essential  char- 
acteristic  for  the  purposes  of  the  present  invention, 
has  with  respect  to  the  known  cables  less  risks  of 
separation  of  its  layered  insulation  since  the  bond- 

15  ing  between  the  components  of  the  laminate  is 
considerably  better  with  respect  to  that  of  the  lami- 
nates  of  the  known  cables. 

Moreover,  in  a  cable  according  to  the  invention 
the  reduction  of  the  risk  of  separation  of  the  lay- 

20  ered  insulation,  is  achieved  through  a  better  bond- 
ing  between  the  components  of  the  laminate  for- 
ming  said  layered  insulation  without  prejudicing 
any  other  characteristic  of  the  cable. 

Experimental  tests,  that  will  be  now  described, 
25  demonstrate  the  better  bonding  existing  between 

the  components  of  a  laminate  forming  the  insula- 
tion  of  a  cable  according  to  the  invention  with 
respect  to  the  laminates  forming  the  layered  insula- 
tion  of  the  known  cables. 

30  The  laminate  of  the  layered  insulation  of  a 
cable  according  to  the  present  invention  subjected 
to  the  experimental  test  that  will  be  explained 
hereinafter  in  order  to  determine  the  value  of  the 
bonding  between  the  components  of  said  laminate 

35  and  precisely  between  the  paper  thin  layer  and  the 
polymeric  material  film  is  the  following  one. 

The  film  has  a  thickness  of  60  microns  and  is 
of  a  a  polypropylene  having  a  density  of  0.9  g/cm3 
and  an  index  of  flowability  (melt  flow  index)  deter- 

40  mined  according  to  the  standards  ASTM  D  1238-82 
of  35  g/10  minutes  at  230  °  C. 

Cellulose  paper  thin  layers  having  a  thickness 
of  30  microns  and  the  following  characteristics  are 
doubled  on  both  faces  of  the  propylene  film. 

45  Each  paper  thin  layer  is  wholly  formed  by  a 
cellulose  material  having  a  density  of  0.70  g/cm3 
and  an  impermeableness  of  200  Gurley  seconds. 
Moreover  in  the  longitudinal  direction  of  the  lami- 
nate  each  paper  thin  layer  has  an  ultimate  tensile 

50  stress  of  155  N/mm2  and  an  elongation  of  2%  while 
in  cross  direction  the  ultimate  tensile  stress  is  of  55 
N/mm2  and  the  elongation  is  of  6.5%. 

The  bonding  of  the  above  said  paper  thin  lay- 
ers  to  the  polypropylene  film  has  been  carried  out 

55  by  doubling  the  paper  thin  layers  having  a  tem- 
perature  of  25  °  C  with  the  propylene  film  while  this 
latter  is  at  a  temperature  of  300  °  C. 

4 
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Before  the  doubling  operation,  the  paper  thin 
layers  have  been  subject  to  the  action  of  an  elec- 
trostatic  field  by  passing  them  between  two  elec- 
trodes  to  which  an  alternate  voltage  of  18  KV  with  a 
frequence  of  10  KHz  was  applied. 

Sections  of  the  laminate  referred  to  above, 
made  in  planes  perpendicular  to  its  faces,  have 
been  examined  at  the  electron  microscope. 

By  means  of  said  examination,  made  at  3000 
magnifications,  it  has  been  found  that  in  any  posi- 
tion  of  the  laminate  section  there  were  an  average 
of  two  fibrils  of  the  cellulose  fibers  per  100  microns 
of  length  of  the  section,  projecting  from  the  paper 
thin  layer  and  embedded  in  the  polypropylene  film 
corresponding  to  200  fibrils  per  millimeter  of  length 
of  the  laminate  section. 

The  laminate  of  the  layered  insulation  of  a 
known  cable  used  in  the  experimental  tests  differs 
from  that  of  the  present  invention  only  for  the  fact 
that  the  paper  thin  layers  have  not  been  subject  to 
any  treatment  before  being  doubled  with  the  poly- 
propylene  film;  the  thicknesses,  materials  and  char- 
acteristics  of  the  material  forming  the  laminate  are 
the  same  as  those  of  the  laminate  of  a  cable 
according  to  the  present  invention. 

Moreover,  in  the  laminate  of  a  known  cable,  the 
sections  perpendicular  to  the  faces  of  the  laminate 
itself,  examined  at  the  electron  microscope  at  3000 
magnifications  in  practice  have  not  demonstrated 
the  presence  of  fibrils  of  cellulose  fibers  projecting 
from  the  paper  thin  layers  and  embedded  in  the 
polymeric  material  of  the  film. 

The  experimental  test  used  to  determine  the 
entity  of  the  bonding  between  the  components  of  a 
laminate  of  a  cable  according  to  the  invention  and 
those  of  a  laminate  of  a  known  cable  is  that  called 
"peeling  strength"  test  and  said  test  has  been 
carried  out  with  a  dynamometer  INSTRON  1122. 

Specimens  have  been  prepared  for  the  test; 
said  specimens  consisting  of  rectangular  segments 
of  laminate  having  a  width  of  15  mm  and  a  length 
of  100  mm. 

The  minimum  force  per  centimeter  of  width  of 
the  specimen  necessary  to  cause  the  detachment 
of  a  paper  thin  layer  from  the  propylene  film  has 
been  determined  on  the  specimens  of  laminate 
introduced  into  the  dynamometer  INSTRON  1122. 

Said  test  has  been  carried  out  both  on  the 
specimens  of  laminates  not  impregnated  with  an 
insulating  fluid  for  cables  and  on  specimens  of 
laminates  impregnated  with  an  insulating  fluid  for 
cables,  in  particular  decylbenzene. 

The  way  for  carrying  out  the  above  said  test  is 
that  described  in  the  standards  ASTM  D  1876  -  72 
with  the  following  two  differences. 

The  speed  for  applying  the  load  is  of  100 
mm/minute  and  the  length  of  the  specimen  taken 
under  examination  for  determining  the  value  of 

"peeling  strength"  is  of  70  mm. 
The  results  of  the  experimental  tests  carried 

out  on  samples  of  laminates  not  impregnated  with 
an  insulating  fluid  for  cables  are  the  following  ones: 

5  -  the  values  of  "peeling  strength"  for  the  lami- 
nate  of  a  cable  according  to  the  invention  are 
comprised  between  35  and  45  g/cm  of  width 
of  the  laminate; 

-  the  values  of  "peeling  strength"  for  the  lami- 
io  nate  of  a  known  cable  are  comprised  be- 

tween  26  and  33  g/cm  of  width  of  the  lami- 
nate. 

The  results  of  the  experimental  tests  carried 
out  on  samples  of  laminates  impregnated  with  de- 

15  cylbenzene  (immersion  time  at  100°C  of  the  sam- 
ples  of  laminate  in  decylbenzene,  before  carrying 
out  the  tests,  equal  to  24  hours)  are  the  following 
ones: 

-  the  values  of  "peeling  strength"  for  the  lami- 
20  nate  of  a  cable  according  to  the  invention  are 

comprised  between  1  1  and  20  g/cm  of  width 
of  the  laminate; 

-  the  values  of  "peeling  strength"  for  the  lami- 
nate  of  a  known  cable  are  comprised  be- 

25  tween  7  and  13  g/cm  of  width  of  the  laminate. 
The  previously  given  description  is  directed  to 

a  single-core  oil-filled  cable  according  to  the  inven- 
tion  wherein  the  layered  insulation  is  wholly  formed 
by  turns  of  a  tape  of  a  laminate  constituted  by  a 

30  polypropylene  film  comprised  between  two  paper 
thin  layers  wholly  of  cellulose  material  but  said 
description  has  not  to  be  considered  in  a  limiting 
sense  for  the  scope  of  the  present  invention. 

In  fact,  the  present  invention  includes  in  its 
35  scope  any  cable  in  which  the  conductor  or  conduc- 

tors  are  surrounded  by  a  layered  insulation  formed 
by  a  laminate  comprising  a  film  of  a  polymeric 
material  doubled  with  at  least  a  paper  thin  layer 
(therefore  also  only  one  paper  thin  layer)  where 

40  fibrils  of  cellulose  fibers  project  from  the  surface  of 
the  paper  thin  layer  in  contact  with  the  film  of 
polymeric  material  and  are  embedded  in  this  latter. 

Moreover,  the  present  invention  includes  in  its 
scope  also  the  cables  for  which  in  the  laminate 

45  having  the  above  described  characteristic,  the  pa- 
per  thin  layer  is  not  wholly  constituted  by  a  cel- 
lulose  material,  but  it  is  constituted  by  compounds 
of  cellulose  fibers  and  fibers  of  polymeric  material 
where  the  number  of  fibril  projecting  from  the  pa- 

50  per  thin  layer  and  embedded  in  the  body  of  the 
polymeric  material  film  are  not  less  than  100  per 
millimeter  of  length  of  the  laminate  section. 

From  the  above  disclosed  description  and  from 
the  following  considerations,  it  is  understood  that 

55  the  aimed  purposes  previously  stated  are  achieved 
by  means  of  the  cables  according  to  the  present 
invention. 

5 
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A  cable  according  to  the  present  invention  dif- 
fers  from  a  known  cable  only  for  the  characteristic 
that  the  layered  insulation  is  formed  by  a  laminate 
(of  the  so-called  "pre-stressed"  or  "extrusion  bon- 
ded"  type)  wherein  fibrils  of  the  cellulose  fibers  of 
the  thin  layer  or  layers  of  paper  doubled  with  the 
film  of  polymeric  material  are  embedded  in  this 
latter. 

No  other  difference  exists  between  the  struc- 
ture  of  a  cable  according  to  the  invention  and  that 
of  the  known  cables  and  no  other  difference  exists 
in  the  materials  and  chemico-physical  characteris- 
tics  constituting  a  cable  according  to  the  invention 
and  the  known  cables. 

The  "peeling  strength"  experimental  tests  car- 
ried  out  on  laminates  of  layered  insulations  of 
known  cables  and  on  laminates  of  layered  insula- 
tions  of  cable  according  to  the  invention  prove  that 
in  this  latter  (either  before  or  after  the  impregna- 
tion)  the  bonding  between  the  components  of  the 
laminate  is  superior  of  about  30%  than  that  existing 
in  the  known  cables. 

It  derives  that  the  risk  of  suffering  alterations  in 
the  correct  distribution  of  the  layered  insulation  is 
considerably  reduced  in  the  cables  according  to 
the  invention  with  respect  to  the  known  cables 
thanks  to  the  better  bonding  between  the  compo- 
nents  of  the  laminates  forming  the  layered  insula- 
tion. 

while  this  latter  is  in  the  melted  state  and  at  a 
temperature  comprised  between  200  °C  and 
320  °  C,  said  cable  being  characterized  by  the 
fact  that  in  the  laminate,  fibrils  (12)  of  the 

5  cellulose  fibers  (13)  project  from  the  surface 
(10)  of  the  paper  thin  layer  (11)  in  contact  with 
the  film  (9)  of  polymeric  material  and  are  em- 
bedded  in  the  polymeric  material  of  this  latter, 
said  fibrils  (12),  embedded  in  the  film  (9)  of 

io  polymeric  material,  being  in  a  number  not  low- 
er  than  100  per  millimeter  of  length  of  any 
section  of  the  laminate  perpendicular  to  its 
faces. 

is  2.  An  electric  cable  according  to  claim  1  char- 
acterized  by  the  fact  that  the  polymeric  ma- 
terial  of  the  laminate  in  which  the  fibrils  (12)  of 
the  cellulose  fibers  are  embedded  and  project 
from  the  surface  (10)  of  the  paper  thin  layer 

20  (1  1)  is  a  polyolefine. 

3.  An  electric  cable  according  to  claim  2  char- 
acterized  in  that  said  polyolefine  is  poly- 
propylene. 

25 
Patentanspruche 

1.  Elektrisches  Kabel,  welches  innerhalb  eines 
Mantels  (8)  wenigstens  einen  Leiter  (1)  auf- 

30  weist,  der  von  einer  geschichteten  Isolierung 
(5)  umschlossen  ist,  die  mit  einem  isolierenden 
Fluid  impragniert  ist,  wobei  wenigstens  eine 
Schicht  (6)  der  geschichteter  Isolierung  (5) 
durch  Schlagen  eines  Bandes  aus  einem  Lami- 

35  nat  gebildet  ist,  das  wenigstens  eine  Papier- 
dunnschicht  (11)  aufweist,  welche  Zellulosefa- 
sern  enthalt  oder  insgesamt  von  Zellulosefa- 
sern  gebildet  wird,  gedoppelt  ist  und  mit  einem 
Film  (9)  eines  polymeren  Materials  haftend 

40  verbunden  ist,  das  Laminat  so  gebaut  ist,  dal3 
die  haftende  Verbindung  zwischen  der  Papier- 
dunnschicht  (11)  und  dem  Film  (9)  aus  poly- 
merem  Material  durch  Doppeln  der  Papier- 
dunnschicht  (11)  bei  einer  Raumtemperatur  mit 

45  dem  Film  (9)  des  polymeren  Materials  erziel- 
bar  ist,  wahrend  letzterer  sich  im  geschmolze- 
nen  Zustand  und  bei  einer  Temperatur  zwi- 
schen  200  °C  und  320°  C  befindet,  dadurch 
gekennzeichnet,  dal3  in  dem  Laminat  Fibrillen 

50  (12)  der  Zellulosefasern  (13)  aus  der  Oberfla- 
che  (10)  der  Papierdunnschicht  (11)  in  Kontakt 
mit  der  Folie  (9)  aus  polymerem  Material  vor- 
stehen  und  in  dem  polymeren  Material  des 
letzteren  eingebettet  sind,  wobei  die  in  den 

55  Film  (9)  aus  polymerem  Material  eingebetteten 
Fibrillen  (12)  in  einer  Anzahl  vorliegen,  die 
nicht  kleiner  als  100  pro  Millimeter  Lange  ir- 
gendeines  Schnitts  des  Laminats  senkrecht  zu 

Moreover,  said  reduction  of  risks  of  separation  30 
of  the  layered  insulations  of  cables  according  to 
the  invention  does  not  involve  any  alteration  of  the 
chemico-physical  characteristics,  in  particular  the 
dielectric  characteristics  of  the  components  of  the 
laminate  since  no  chemico-physical  alteration  has  35 
been  led  into  said  components. 

Consequently  in  a  cable  according  to  the  in- 
vention  the  reduction  of  risks  of  altering  the  correct 
distribution  of  the  layered  insulation  is  obtained 
without  negatively  affecting  the  other  characteris-  40 
tics  of  the  cable. 

Claims 

1.  An  electric  cable  comprising  inside  a  sheath  45 
(8)  at  least  a  conductor  (1)  surrounded  by  a 
layered  insulation  (5)  impregnated  with  an  in- 
sulating  fluid,  at  least  a  layer  (6)  of  said  lay- 
ered  insulation  (5)  being  formed  by  a  turn  of  a 
tape  of  a  laminate  comprising  at  least  a  paper  50 
thin  layer  (11)  containing  cellulose  fibers  or 
wholly  made  by  cellulose  fibers,  doubled  and 
bonded  to  a  film  (9)  of  polymeric  material,  said 
laminate  being  of  the  type  in  which  the  bond 
between  the  paper  thin  layer  (11)  and  the  film  55 
(9)  of  polymeric  material  is  obtainable  by  dou- 
bling  the  paper  thin  layer  (11)  at  a  room  tem- 
perature  with  the  film  (9)  of  polymeric  material 
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seinen  Flachen  ist. 

2.  Elektrisches  Kabel  nach  Anspruch  1,  dadurch 
gekennzeichnet,  dal3  das  polymere  Material 
des  Laminats,  in  welchem  die  Fibrillen  (12)  der  5 
Zellulosefasern  eingebettet  sind  und  aus  der 
Oberflache  (10)  der  Papierdunnschicht  (11) 
vorstehen,  Polyolefin  ist. 

3.  Elektrisches  Kabel  nach  Anspruch  2,  dadurch  10 
gekennzeichnet,  dal3  das  Polyolefin  Polypropy- 
len  ist. 

Revendicatlons 
75 

1.  Cable  electrique  comprenant  a  I'interieur  d'une 
gaine  (8)  au  moins  un  conducteur  (1)  entoure 
par  une  isolation  (5)  multicouches  impregnee 
au  moyen  d'un  fluide  d'isolation,  au  moins  une 
couche  (6)  de  ladite  isolation  (5)  multicouches  20 
etant  formee  par  un  repli  d'une  bande  d'un 
lamine  comprenant  au  moins  une  couche  (11) 
mince  en  papier  contenant  des  fibres  en  cellu- 
lose  ou  realise  entierement  en  fibres  de  cellu- 
lose,  doublee  et  liee  a  un  film  (9)  de  materiau  25 
polymere,  ledit  lamine  etant  du  type  dans  le- 
quel  le  lien  entre  la  couche  (11)  mince  de 
papier  et  le  film  (9)  de  materiau  polymere  peut 
etre  obtenu  en  doublant  la  couche  (11)  mince 
de  papier  a  temperature  ambiante  avec  le  film  30 
(9)  de  materiau  polymere  alors  que  ce  dernier 
se  trouve  a  I'etat  fondu  et  a  une  temperature 
comprise  entre  200  °C  et  320  °C,  ledit  cable 
etant  caracterise  par  le  fait  que  dans  le  lamine, 
des  fibrilles  (12)  des  fibres  (13)  en  cellulose  35 
sont  en  saillie  a  partir  de  la  surface  (10)  de  la 
couche  (11)  mince  de  papier  en  contact  avec 
le  film  (9)  de  materiau  polymere,  et  sont  in- 
crustees  dans  le  materiau  polymere  de  ce 
dernier,  lesdites  fibrilles  (12)  incrustees  dans  le  40 
film  (9)  de  materiaux  polymeres,  n'etant  pas  au 
nombre  de  plus  de  100  par  millimetre  de  lon- 
gueur,  pour  n'importe  quelle  section  du  lamine 
perpendiculaire  a  ces  faces. 

45 
2.  Cable  electrique  selon  la  revendication  1,  ca- 

racterise  par  le  fait  que  le  materiau  polymere 
du  lamine  dans  lequel  les  fibrilles  (12)  des 
fibres  en  cellulose  sont  incrustees  et  font  sail- 
lie  a  partir  de  la  surface  (10)  de  la  couche  (11)  50 
mince  de  papier,  est  une  polyolefine. 

3.  Cable  electrique  selon  la  revendication  2,  ca- 
racterise  en  ce  que  ladite  polyolefine  est  du 
polypropylene.  55 
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